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MAJOR SCIENTIFIC ADVANCES IN ADOLESCENT MEDICINE
Landmark scientific advances of the past century contributed greatly to the growth of the field of adolescent medicine. Some of these advances resulted from primary efforts to directly improve the health of adolescents, whereas others were derived from advances in other fields of medicine that secondarily benefited adolescents. Although at times it is difficult to distinguish between these two contributors toward change, the compilation of these scientific advances were instrumental in promoting the field of adolescent medicine. The physical and hormonal changes that define puberty have been elucidated, as have major psychological, cognitive, and behavioral developments characterizing the transition from childhood to adulthood. Great strides have been made in the management of mental illnesses and chronic medical illness, in technological advancements in the field of gynecology, and in the development of birth control methods. All have had a dramatic impact on furthering the discipline of adolescent medicine.
For the most part, the parent disciplines of pediatrics, psychiatry, internal medicine, and gynecology have had very little focus on the adolescent patient. The field of pediatrics has primarily focused on the health of the newborn, infant, and child; psychiatry has focused on adult depression, psychosis, and pharmacology; internal medicine has redirected its efforts toward geriatric medicine; and finally, gynecology has focused its efforts on reproductive cancer. There was an absolute need to serve a high prevalence of morbidity and mortality in a large and growing adolescent population. This need provided the opportunity for the adolescent medicine specialist to incorporate the contributions from the parent fields into a growing field that specifically addressed the needs of the adolescent patient.
Advances in the understanding of pubertal growth and development. Research defining the processes of adolescent growth and physiologic development began in the 1930s with the descriptions by Greulich and Pyle (1) and Stuart (2) of the stages of pubertal growth and development. In the 1960s, Marshall and Tanner (3, 4) further defined standards for the stages of breast and pubic hair development in girls and genital and pubic hair development in boys. They also chronicled the timing of the onset of the growth spurt and the peak growth velocity in both boys and girls. In the 1950s, radiographic determination of skeletal age was discovered to be an excellent indicator of physiologic age and a valuable diagnostic tool for detecting pubertal abnormalities (5) . During the 1960s, the major differences between the body composition of boys and girls were studied (6) . In the 1970s, Frisch and McArthur (7) discovered a relationship between the percentage of body fat in adolescent girls and the onset of menarche. Recent data suggesting an earlier age of menarche in girls and acceleration in the height and weight of both girls and boys during the past century may have significant implications for establishing new standards for defining precocious or delayed puberty (8, 9) .
Discoveries delineating the major hormonal events that trigger the visible physical changes of puberty contributed greatly to the understanding of adolescent growth and development. In the early 1970s, Boyar et al. (10) and Zumoff et al. (11) examined patterns of estradiol secretion in girls and patterns of testosterone secretion in boys. This group also discovered that an increase in both gonadotropins and GH during early adolescence provided a highly distinct biologic index for the identification of puberty (12, 13) . Reiter and Grumbach (14) did further work on the neuroendocrine control of the onset of puberty. Other seminal observations in the 1970s included the discovery that elevated serum alkaline phosphatase levels, presumably of osseous origin, correlate with peak growth velocity at the height of the adolescent growth spurt (15, 16) , and increases in hematocrit, presumably secondary to an androgen surge, are related to puberty in boys (17) . All of these observations helped to clearly demarcate childhood from adolescence and thus delineate the field of adolescent medicine.
Advances in the psychological, cognitive, and behavioral development of adolescents. The study of adolescent psychological, cognitive, and behavioral development dates back to the beginning of the 20th century. In 1904 Hall, often referred to as the "father of the psychology of adolescence," reasoned that normal adolescence is a time of Sturm und Drang or "storm and stress" (18) . Although this treatise had little scientific basis, the concept that adolescence is a time of great stress and turmoil was well accepted for decades. Psychoanalysts of the 1930s, among them Anna Freud, reinforced the concept that normal adolescence was characterized by a time of intrapsychic turmoil linked to the hormonal and bodily changes of puberty and related to the resolution of earlier childhood sexuality conflicts.
Through the 1930s and 1940s sociologist Lawrence K. Frank and his multidisciplinary team at the Adolescent Study Unit at Yale, studied body image and personality development in adolescents. He proposed that "adolescent rebellion" was normal adolescent behavior and that confusion and misunderstanding of normal adolescent development could lead to the poor medical care of teenagers (74) .
In the 1950s, Piaget and Inhelder (19) theorized that the most profound advancement in the cognitive development of adolescents, termed "formal operations," was characterized by the development of the ability to reason and construct ideals. Erickson (20) theorized that the formation of a personal identity was based on the ability of the adolescent to perform formal cognitive operations. He also modified the classic psychoanalytic approach to adolescence by shifting the emphasis toward the psychosocial tasks of adolescence and away from the sole focus of biology. Erickson's eight stages of development form the basis of the current thinking that adolescence is a developmental stage that requires achievement of specific psychosocial tasks and challenges before the attainment of adulthood (20) . Research in the 1960s confirmed that the alleged turmoil in adolescence was not, in fact, normative biologic behavior but a harbinger of psychopathology.
Elkind (21) contributed significantly to our understanding of the behavioral development of adolescents. In the 1960s and 1970s, he coined the terms, "imaginary audience"-adolescents believe that everyone is watching them-and "the personal fable"-adolescents believe that they are special, unique, and invulnerable to harm. Elkind (21) postulated that these powerful constructs make adolescents especially vulnerable to the influences and risks of the many social pressures of peer conformity, drug use and sexual activity. More recent work in the 1980s and 1990s by Garmezy (22) and Rutter (23) once more shifted the focus but now from a developmental behavioral model that emphasizes factors that predispose adolescents to risk behaviors to one that emphasizes the importance of adaptation, competence, efficacy, and resiliency as protective factors.
Whereas the biologic markers noted earlier tended to offer separation between childhood and early adolescence, much of the psychological and behavioral data helped to demarcate middle and late adolescence from adulthood. Thus, the field achieved definition and, with it, separation and ultimately subspecialty status.
Advances in adolescent mental health and psychopharmacology. One of the greatest contributions to adolescent mental health during the past century was the recognition that not only 138 depression but other mental health problems, including schizophrenia, anxiety disorder, and obsessive-compulsive disorder, often presented in adolescents. Moreover, the genetic and biochemical etiologies of these illnesses were explored and appreciated. Despite our improved understanding of these illnesses, however, little progress has been made in our understanding of teenage suicide as it continues to be the third most common cause of mortality in the adolescent age group. Suicide rates having remained constant for the past 30 y (24, 25) .
The field of adolescent psychopharmacology remains in its infancy. Until recently, data from adult studies on antidepressants, antipsychotic medications, anxiolytics, and mood stabilizers were extrapolated and adopted to treat these disorders in children and adolescents. Most studies examining the safety and efficacy of these medications in adolescents were carried out with small sample sizes, without placebo controls, or in larger mixed samples without adequate controls. The exceptions to this trend are the studies of psychostimulant medications and tricyclic antidepressants. The effectiveness of methylphenidate, amphetamines, and pemoline in the treatment of adolescent attention deficit and hyperactivity disorder was studied extensively from the late 1930s to the mid-1970s (26, 27) . Research in the 1970s demonstrated the efficacy of tricyclic antidepressants in the treatment of the pediatric-and adolescent-specific conditions such as enuresis, obsessivecompulsive disorder, and attention deficit and hyperactivity disorder (28) .
Although the studies relating to psychostimulant medications and tricyclic antidepressants represent only a small proportion of the studies that have been done to advance the field of adolescent pharmacology, their impact has been significant. As one of the areas of pharmacology that were studied in children and adolescents before being studied in adults, this research introduced and highlighted the principle that illnesses of childhood and adolescence are different from those of adults and thus need to be managed differently.
Advances in chronic disease management. During the past 100 y, there has been little change in the incidence of the major chronic disorders of childhood (29) . The numbers of children with previously fatal chronic illnesses surviving into adolescence, however, have increased dramatically. This is largely attributable to significant advances that occurred in solid organ transplantation, cancer chemotherapy, surgical techniques, and immunosuppressive and pharmacologic therapies. Specific landmark advances include the vastly improved survival rates of pediatric organ transplant recipients as well as the increased survival rates of children with cancer and cystic fibrosis. These survival rates were abysmal in the early part of the 20th century, yet today the 5-y survival rates of living related and cadaveric transplant recipients are reaching 75% to greater than 90%, and more than 60% of children diagnosed with cancer are cured (30, 31) . Impressively, the median survival of patients with cystic fibrosis has doubled from 14 y in 1969 to 28 y in 1990 (32, 33) , largely because of the development of specific medical therapies and transplantation technology that has arisen from our understanding of the pathophysiology of this disease (34) Ironically, the increasing longevity of children with chronic illnesses into adolescence results in these youngsters' participation in the same high-risk health behaviors that threaten the health of all adolescents. Additionally, as a result of increased longevity, adolescents with chronic illnesses continue to suffer long-term growth retardation, as well as the developmental and pubertal delay often associated with chronic illnesses and the therapies used to treat them.
Advances in gynecologic diagnostic and surgical techniques. The technological advancements that have most dramatically influenced the health of adolescents and secondarily the establishment of the subspecialty of adolescent medicine in the 20th century fall into four general domains and include colposcopy, the Papanicolaou smear, laparoscopy, and newer microbiologic and immunologic techniques. Initially invented by Hinselmann in 1925 [as reviewed by Torres and Riopelle (35) ], colposcopy contributed to our knowledge of the occurrence of the "transformation zone," a prime site for human papillomavirus infection, and its role in the development of carcinoma of the cervix. It also proved to be invaluable in the evaluation of adolescent victims of sexual abuse. The development of the vaginal cytologic smear by Papanicolaou in 1943 reduced the death rate from invasive cervical cancer in adults by 70% but also profoundly influenced the practice of adolescent health care by introducing routine preventative gynecologic care for sexually active adolescent girls (36) . Laparoscopy, first used by gynecologists for adults as an interventional surgical technique in the 1960s and 1970s (37) , greatly advanced our understanding of the pathophysiology of pelvic inflammatory disease in teens and provided an acceptable alternative to laparotomy for the evaluation of young women with chronic pelvic pain. The specific application of new microbiologic and recombinant techniques to routine screening for chlamydial and gonococcal cervical infections in adolescents has played a significant role in the rapid diagnosis and prevention of teenage pelvic inflammatory disease and its sequelae.
Advances in hormonal contraception. One of the more significant scientific advances affecting adolescent health is related to the development of hormonal forms of contraception. First developed in the 1930s, the birth control pill revolutionized contraception, as it provided a method that was simple, effective, and not related temporally to the actual intercourse event. Hormonal contraception enabled unmarried adolescent couples to more effectively separate sexual enjoyment from the procreative responsibilities that accompanied unprotected sexual intercourse. Furthermore, combined oral contraceptives continue to be used today to treat adolescent gynecologic disorders, including dysmenorrhea and polycystic ovarian syndrome.
Initially synthesized in the 1950s for the treatment of threatened abortion and endometriosis in adult women, reports of injectable depo-medroxyprogesterone acetate and implantable levonorgestrel as highly effective contraceptives began to appear in the 1960s. The convenience of these contraceptive methods proved to be highly attractive to the adolescent age group, particularly those teens with a history of pharmacologic noncompliance or a previous pregnancy.
The work of Haspel and Andriesse (38) and Yuzpe et al. (39) in the mid-1970s resulted in the development of the 139 estrogen-only, as well as the estrogen-progesterone combination, "morning-after pill," respectively. The use of the antiprogestin mifepristone (RU486) for first-trimester medical abortions was initially introduced in the late 1980s. These efforts were clearly directed at adults. Contrary to the concern that the availability of postcoital methods of contraception to adolescents discouraged the use of regular methods of contraception, recent studies demonstrated that the use of postcoital contraception actually increased adolescent visits for preventative gynecologic care and contraceptive counseling (40) .
By setting clear boundaries for the definition of adolescence using both biologic and psychobehavioral markers, the specialty of adolescent medicine began to emerge as a substantial scientific, clinical, and educational domain. However, the critical scientific advances from work primarily carried out in younger or older individuals in the clinical areas of psychotropic and hormonal contraceptive pharmacology, chronic disease management, and gynecologic diagnostic technologies and treatment, which was now applied to teens, had a profound impact on advancing the field of adolescent medicine as a viable and legitimate subspecialty.
MAJOR CAUSES OF ADOLESCENT MORBIDITY AND MORTALITY
Impact of societal changes on adolescent health. Scientific advances of the 20th century made a significant contribution to the decline in deaths from natural causes at all ages in the life cycle. Although the death rate from natural causes dropped 90% between 1933 and 1985, presumably preventable causes, such as violence, motor vehicle accidents, and suicide, emerged as the leading causes of death in adolescents in the latter three decades of the 20th century (41). It is not fully understood why adolescent morbidity and mortality related to such potentially preventable occurrences increased so dramatically.
Adolescents' unique relationship to their environment may, in part, explain this increase in morbidity and mortality. In contrast to the infant or young child, the adolescent is an organism that tends to be more highly sensitive to the influences of the broader global environment. The highly protective and controlled social environment of the family unit largely limits the direct exposure of infants and young children to broader societal influences. The environment of the adolescent, on the other hand, has increasingly become less controlled and less restrictive. The adolescent, in the throes of developing physical, social, and psychological independence has therefore become much more vulnerable to broad societal influences. Societal changes that have taken place during the past 100 y have undoubtedly influenced adolescent behaviors and health.
Although a direct causal link between societal changes and adolescent health is often difficult to forge, there are a number of clear associations that cannot be totally neglected. First, the post-World War II baby boom created a demographic shift in which the number of 10-to 20-y-olds in the United States increased from 30 to 40 million by the early 1960s, reflecting a global boom in the adolescent population. The geographic separation of this large population of youth from their homes and familiar societal influences promoted the development of group norms and behaviors that often differed from those of society in general. Traditional religious, work, and interpersonal values were increasingly rejected by youth in the 1960s. This led to increasing sexual experimentation with multiple partners outside of marriage, the wide use of illicit drugs, cigarettes and alcohol, and secondary as well as postsecondary school failure. Second, the women's rights movement had an indirect, yet profound influence on the health of both young men and women. The birth control movement and the idea of emancipation for modern women, initiated by Margaret Sanger, included the right of each woman to decide for herself whether she would become a mother, and if so, when. These changes, influenced by the women's rights movement, gave young couples the opportunity to express and experiment with their sexuality while maintaining control over their ability to become pregnant or carry a pregnancy to term. Alternatively, the "sexual revolution," ushered in at the same time, had several serious adverse effects on the health of youth. Increasing experimentation with multiple sexual partners and inconsistent contraceptive practices contributed significantly to rising rates of sexually transmitted infections (STIs) and teenage pregnancy. The global AIDS epidemic is partial evidence to support some of the adverse effects of the "sexual revolution."
The rapidly expanding adolescent population combined with strong societal influences affecting the health of the adolescent patient likely together played a significant role in stimulating the growth of the field. The subspecialty of adolescent medicine is unlike most others, however, in that it is not an organ-specific subspecialty. Similar to neonatology, adolescent health focuses on all aspects of patients belonging to a certain age group. An essential motivating force behind the development of adolescent medicine relates to the unique aspects of the physical, psychological, developmental, and social needs of the adolescent patient. Specifically, the health-care providers who take care of the adolescent patient need to be equipped with special interdisciplinary skills to address the often-complex intertwining of medical, developmental, and psychosocial issues characteristic of the adolescent patient.
The epidemiology of high-risk adolescent behaviors has become a domain of intense study, and adolescent medicine specialists have placed much of their efforts and resources into this general area. Research of high-risk behaviors has examined adolescent experimentation with emerging sexuality, experimentation with tobacco products, illicit drugs, and alcohol, involvement in violence, work-and sports-related injuries, and the development of disordered eating habits relating to issues of distorted body image. Much of the recent research and programatic efforts in the field of adolescent medicine relate to improving our understanding of the causative factors of these behaviors and the preventative strategies to use for the serious consequences of these behaviors.
Sexuality. In each era of recorded history adolescent sexuality emerged as a prime concern of responsible adults. Although adolescent sexual behaviors are integral to normal adolescent development, we have begun to understand what factors place some adolescents at greater risk from the conse-140 quences of participating in these behaviors, and how to mitigate the more serious outcomes of these behaviors.
During the first half of the 20th century nonhormonal contraception or abstinence were the only forms of birth control. With the development of effective antibiotic treatment of gonorrhea and syphilis in the 1940s and the development of "the pill" in the 1950s, however, the limited popularity among teens of nonhormonal contraception began to wane, and abstinence became a less and less frequently adhered-to behavior. An effect of the reduction of support for public health programs aimed at preventing STI in the 1950s and as a result of the "sexual revolution" of the 1960s, teenage pregnancy and birth rates rose in the 1970s, as did the prevalence of penicillinresistant strains of gonorrhea and viral STIs, such as human papilloma virus and herpes simplex virus type 2. Further, the identification of HIV and the AIDS epidemic in the 1980s prompted researchers to clarify which, of many factors, predisposed adolescents to the consequences of these sexual behaviors. Thus, the need to effectively prevent the sequelae of certain sexual behaviors rose to the forefront of public health and social policy concerns (42) . Because of their interest and expertise in taking care of the adolescent patient, many of these efforts were lead by subspecialists in adolescent medicine.
Researchers learned that some sexual behaviors are associated with an early age of menarche, lower parental education, limited access to health information, difficulty accessing health services, lack of economic opportunities, and lower socioeconomic status (42, 43) . Investigators also learned that childbearing by adolescents may be associated with poor obstetric outcomes, low birth weight babies, and psychosocially disadvantaged children (44) . Finally, researchers found that improperly treated gynecologic infections were causally linked to infertility and cervical human papilloma virus infection with its potential for cervical cancer.
Targeted public health efforts to reduce the problems associated with emerging teenage sexuality resulted in a decline in both the pregnancy and birth rates in industrialized countries worldwide during the past three decades and in the incidence of syphilis, gonorrhea, and chlamydia during the past 10 y. Between 1988 and 1995, there was an increase in condom use. A decline in the use of the pill and diaphragm coincided with an increase in condom and long-acting implantable or injectable hormone use (45, 46) . Numerous studies indicated that declines in teen pregnancy and STI rates might be influenced by a number of factors. These include 1) increased emphasis on teenage sex education and the motivation by young people to achieve higher levels of education (47); 2) the improved effectiveness of contraceptives; 3) an increase in the use of contraceptives at the time of first intercourse (45, 46); 4) an increase in abstinence rates (48); and 5) an increasingly widespread availability of confidential and accessible contraceptive services.
Cigarettes. Since the 1920s, cigarette-advertising campaigns have focused on even younger audiences (49) , and smoking was promoted as a symbol of independence, emancipation, rebelliousness, and autonomy. The prevalence of smoking among adolescents remained relatively constant from the 1970s throughout the mid-1980s (50). There was a dramatic increase in cigarette use from 1991 to 1997, with a notable increase in smoking rates among adolescent girls. Very recently, however, there was a significant decrease in overall tobacco use rates from 1997 to 2001 (51) .
The 1996 landmark U.S. Food and Drug Administration decision to enact regulations limiting the accessibility and appeal of tobacco products to young people was based on the following findings: 1) the highest lung cancer mortality rates were seen among those who began smoking before the age of 15 y (52); 2) more than 82% of adults acknowledged that they smoked their first cigarette before the age of 18 y; 3) individuals who start smoking in their early teen years were more likely to be heavy smokers than those who began smoking as adults; and 4) the powerful effect of tobacco company advertising on youth smoking rates was demonstrated when, 3 y after the introduction of the R.J. Reynolds tobacco company's Joe Camel campaign, the proportion of smokers younger than 18 y chose Camels and rose from 0.5% to 32.8% (53) . The association of smoking with high-risk behaviors was highlighted by results of the 1998 National Household Survey on Drug Abuse. Adolescents age 12-17 y who currently smoked cigarettes were 11.4 times more likely to use illicit drugs and 16 times more likely to drink heavily than nonsmoking adolescents (54) .
The use of psychoactive drugs has been a universal phenomena through all ages and cultures; however, substance abuse as a major adolescent issue did not emerge until the 1960s. Heroin use, in particular, was a leading cause of morbidity and mortality among adolescents even though the abuse of other substances was rapidly emerging (55) . The morbidity associated with heroin use, including hepatitis and participation in drugrelated criminal activity, spurred the creation of policies and programs specifically directed at fighting the opiate problem. In the late 1960s and early 1970s methadone maintenance programs emerged in hospitals and community settings. These targeted programs were often an important stimulus to the formal organization of comprehensive health services for youth via the adolescent medicine movement.
Peak adolescent drug use occurred in the late-1970s to the mid-1980s, and then decreased, with a concurrent decline in methadone maintenance clinics. A reversal of this trend was seen in the early 1990s with a resurgence of drug use documented in 8th, 10th, and 12th graders by the Monitoring the Future study and 12-through 17-y-olds by the National Household Survey on Drug Abuse. Currently, accidental trauma including motor vehicle accidents, suicide, and homicide account for 75% of all deaths in the 15-to 24-y-old population, but alcohol accounts for 25-50% of all such deaths (56) . Alcohol is the drug of choice for high school and college students and has been shown to be a gateway drug for other substances of abuse. Use of alcohol by young adolescents has been directly linked to risk of adult alcoholism. The genetics of alcohol abuse has been well studied and proven. During the past two decades, we have come to appreciate the waxing and waning quality of adolescent substance abuse, requiring an ongoing vigilance among primary caregivers as well as adolescent medicine specialists to recognize early trends in changing adolescent attitudes and beliefs about the dangers associ-141 HISTORY OF ADOLESCENT MEDICINE ated with particular drugs (56) . This is particularly important because of the increasing availability, potency, and purity of drugs the world over.
Violence. Throughout the past century, societal and cultural violence has been widespread and seriously affected the health and welfare of adolescents on an international scale and across all political and geographic boundaries. Associated with this sociocultural trend, we have observed the emergence of significant levels of adolescent interpersonal violence. In the United States, homicide has become the second leading cause of adolescent death nationwide and first in the urban centers. Adolescent homicide rates have increased dramatically since the mid-1980s to the mid-1990s. Most poignantly, between 1985 and 1994, homicide rates for adolescent boys ages 15 to 19 y increased 166%, surpassing rates for males of all other groups except those ages 20 to 24 y. Firearm-related deaths accounted for 97% of this increase (57) . Although the late 1990s saw a slight decline in youth violence (58) , adolescents continue to be twice as likely as adults and 10 times more likely than the elderly to be victims of violence (59) .
Research in recent years recognized the significant impact of exposure to violence on children and teens as a major determinant to subsequent violent behavior. They have easy access to firearms, alcohol, and drugs, as well as a constant source of violent material from the media, home computers, and video technology. Violent behavior has been linked with poverty, violence in the home, the availability of handguns in the home, exposure to violent television programs, the use of alcohol and illicit drugs, mental illness, and the proliferation of gang activity (58, 60 -62) . Criminal behavior, often associated with gang activity and interpersonal violence, has resulted in high rates of youth imprisonment. The effectiveness of teen violence prevention strategies aimed at reducing firearm-related deaths is undergoing vigorous study. A number of studies indicate that more-restrictive handgun availability laws are associated with lower rates of homicide and suicide (61), yet efforts aimed at preventing gun use are difficult to sell to many adolescents. Efforts at nonviolent conflict resolution are now being tried with teens.
Sports-and work-related injuries. During the past 40 y the number of adolescents participating in organized extramural and intramural sports has increased dramatically. Currently some 30 million adolescents and children participate in organized sports within the community, and 3.5 million boys and 2 million girls are members of school sports teams (63) . This increased participation in sports is certainly a positive health behavior that is enjoyable, helps to promote teamwork and social skills, and may provide the basis for life-long patterns of fitness and exercise. However, increased participation has also resulted in a greater number of sports injuries, either from the stress of overuse or from trauma during practice or play. Multiple studies have reported injury rates ranging from a low of 3% to, depending on the degree of inclusion of minor injuries, a high of 20%. The evaluation and management of acute injuries and the prevention of long-term sequelae have become a routine part of adolescent health care. Decisions must be made on whether participation should be allowed or when a young person might return to full activity after an injury.
As children with chronic illnesses increasingly survive into their teen years, it has become a common issue for physicians to decide whether to permit sports participation for young people with physiologic deficits, using medications, or having only one paired organ. Often the need to improve self-image and maximize normality in the face of illness motivates the adolescent, the family, and the physician to accept some risk rather than uniformly to deny participation (64) .
During the past two decades there has been a major increase in the number of adolescents who are working, with that number now estimated to be more than 5 million each year (65) . Approximately 25% of 15-y-olds and nearly half of 16-and 17-y-olds are working (66) . Most adolescent jobs take place after school, are part time, and are in the fast food service, retail, construction, or commercial fishing industries (67) . An estimated 1 to 2 million adolescents are working beyond the current limits of child labor laws either because of excessive hours or involvement with dangerous machinery prohibited for use by teens (67) .
Part-time employment is seen as a valuable experience for adolescents as it provides an introduction to habits and attitudes that will serve as the foundation for a lifelong adult work career. Earning a salary gives the adolescent an opportunity for individuation, independence, and the positive self-image that accompanies paying, at least in part, his or her own way. However, introducing adolescents into the workplace carries with it the risks of diversion from educational goals and the trauma often associated with the lowest paying and most dangerous jobs.
Among the numerous documented adverse consequences of adolescent employment, the most serious is the high rate of work-related injury (68) . Boys between the ages of 16 and 17 y are at the highest injury risk with the greatest danger associated with newspaper delivery and agricultural activities. Machinery used for manufacturing, loading and unloading products, or agricultural work produces lacerations, crush injuries, and amputations. Exposure to toxic chemicals such as formaldehyde, dust, or asbestos may exacerbate asthma, as well as cause other health-related problems in the future. Noisy machinery may contribute to hearing loss. In addition, working more than 20 h/wk has been associated with problem behaviors such as substance abuse, sleep and exercise deprivation, and less time spent with family and on schoolwork (56) .
Obesity and eating disorders. The prevalence of obesity in adolescents has increased over the past 30 y. The NHANES III (1988 -1994) study revealed that 11% of adolescents 12-17 y of age were obese and 14% were at risk for obesity (69) . These data reflect an untoward upward trend for obesity, which approximated only 5% in both the NHANES I (1971) (1972) (1973) (1974) and NHANES II surveys (1976 -1980) . The most significant reason for this dramatic increase appears to be a sedentary lifestyle adopted by many teens, including increased television watching and video game and computer use, as well as the ingestion of a higher calorie diet with a higher fat content (70) . Although a large number of teens are involved in sports on a team or recreational level, the majority is not. This is particu-larly so among inner city youth and those in lower socioeconomic groups.
The recent increased incidence of type 2 diabetes among adolescents appears to be linked to the increase in teen obesity. This has provided for greater collaboration between pediatric endocrinologists and adolescent medicine specialists. Hyperlipidemia is being diagnosed with greater frequency in obese adolescents, and dietary management is the mainstay of treatment. Functional ovarian hyperandrogenism or polycystic ovary syndrome often first manifests itself during adolescence and has also been linked to obesity and type 2 diabetes.
During the past quarter century, the incidence of other eating disorders such as anorexia nervosa and bulimia nervosa has also increased (71) . Many experts attribute the increasing prevalence of anorexia nervosa and bulimia to societal shifts in fashion and style among adolescents. The trend of the miniskirt and the "Twiggy" look in the 1960s certainly contributed to the desire to be thin. In the 1970s and 1980s, this model of fashion was not the norm. However, in the 1990s, the waif look adopted by female models, singers, and actresses soon became popular with teenage girls.
Currently, 0.5% and 1-3% of adolescent girls meet the DSM IV criteria for anorexia nervosa and bulimia, respectively. More importantly, in the most recent Youth Risk Behavior Survey of 1999, 30% of high school students consider themselves overweight, and 43% had tried to lose weight in the past 30 d (24) . Eating disorders are seen in all socioeconomic groups and are being seen increasingly in boys. Extensive research has demonstrated that those who suffer from anorexia nervosa have low bone density and are at risk for osteoporosis and vertebral fractures (72) . The best response to treatment of such disorders is through a multidisciplinary approach including nutritional supplementation as well as psychopharmacologic agents.
Youngsters surviving into the second decade of life with serious childhood illness patterns coupled with the much larger cohort of healthy-appearing teens who silently carried the burden of later life killers such as adult hypertension and obesity may never, by themselves, have stimulated the evolution of the subspecialty of adolescent medicine. But these cohorts of emerging adolescents in combination with the social and environmental factors of emerging sexuality, tobacco, alcohol, and drug use, violence, work and sports injuries, and aberrant nutritional patterns collectively produced the increasing morbidity and proved to be the major impetus for creation of this subspecialty.
EMERGENCE AND FORMALIZATION OF THE FIELD
The field of adolescent medicine developed as a halfcentury-long consequence of the emergence of several significant scientific advances, major societal changes relating to teen behaviors, and a striking increase in adolescent morbidity and mortality. By the mid-20th century, the convergence of the science and the clinical morbidity had attained sufficient momentum to launch the formal discipline. As the necessity to create new policies in response to the growing unmet needs of adolescents became evident, a small group of physicians caring for adolescents began to take on an advocacy role. The result, as viewed from the start of the 21st century, was the establishment of the academic discipline of adolescent medicine.
Emergence of an academic discipline of adolescent medicine. The precursor of a formal adolescent medicine initiative appears to have its origins in England in the late 19th century. In 1884, physicians caring for adolescent boys in boarding schools joined together organizing the Medical Officers of Schools Association (73) . The first listing in Index Medicus of a published document under the topic of adolescence was by Hall, entitled, "Adolescence: Its Psychology and its Relations to Anthropology, Sociology, Sex, Crime, Religion and Education" [reviewed in Heald (74) ]. The first article describing an ambulatory program entirely devoted to adolescents was published by Gates in Archives of Pediatrics [reviewed in Heald (74) ].
Sometime after World War I, medical services exclusively for college students were developed at large universities to offer health care to an increasing number of youth that were away from home. The Grant Study, a multidisciplinary project examining healthy, normal undergraduates, was published at the time. Concurrently, primary-and secondary-level private boarding schools in the United States began to use school physicians to develop comprehensive student health services just as had occurred in England almost 50 y earlier (73) .
In 1941, a symposium on adolescence was held under the auspices of the American Academy of Pediatrics. Most of the studies presented were the work of college health and boarding school physicians. The themes that emerged from this meeting related to physical fitness, emotional health, and nutrition in adolescents. This meeting is considered by many as the initiating force incorporating adolescent medicine into the domain of pediatric practice. Soon after this, a few medical school departments of pediatrics established academic divisions specifically targeted to the care of adolescent patients and the study and teaching of this unique field.
The first adolescent inpatient unit was opened in 1951 at Boston Childrens Hospital, under the directorship of J. Roswell Gallagher. This unit, among its many accomplishments, initiated the first academic training program in adolescent medicine. Other academic programs soon followed, and later in that decade the U.S. military began to establish specific medical services for adolescents living with their parents on military bases (73) . At that time, most of the adolescent medicine research, clinical care, and training efforts was performed by pediatric subspecialists in endocrinology, gastroenterology, and cardiology with assistance from psychologists and psychiatrists (74) .
In the middle of the 20th century several professional organizations began to sponsor meetings to teach adolescent health care. In 1955, the American Academy of Pediatrics offered a round table format exclusively discussing adolescence, and 9 y later the American College of Physicians had a 5-d course on the medical care of the adolescent patient.
The first academically complete program in adolescent medicine was initiated in the Bronx by the Division of Adolescent Medicine at Montefiore Medical Center/Albert Einstein Col-143 HISTORY OF ADOLESCENT MEDICINE lege of Medicine in 1967. The program consisted of an exclusive adolescent inpatient unit caring for all medical, surgical, gynecologic, and behavioral problems of teens, an outpatient arm including a juvenile detention facility health service, a separate research laboratory unit, and a social psychology program. These comprehensive adolescent patient services as well as the research experience provided a rich learning environment for the education of postdoctoral fellows, residents, and medical students (75) .
The federal government began the funding of adolescent medicine training programs in the 1960s. The Children's Bureau, under Arthur Lesser, supported a fellowship training program in Adolescent Health at the Children's Hospital in Washington, DC, directed by Felix Heald. Several other Children's Bureau-sponsored programs followed in other major cities (76) . This initiative ultimately matured and expanded in the late 1970s into the current Department of Health and Human Services, Maternal and Child Health Bureau funding of multidisciplinary training programs in adolescent medicine. In 1965, Felix Heald and Somer Sturgis began a series of annual 3-d seminars at the Children's Hospital in Washington, DC, sponsored by the Children's Bureau grant, which drew primarily pediatric academic faculty to discuss issues and concerns targeted at the adolescent. By 1968, close to two dozen attendees at the Heald-Sturgis seminar formed the Society for Adolescent Medicine (SAM).
The stated goals of SAM were "to improve the quality of health care for adolescents, to encourage the investigation of normal growth and development during adolescence, to study those diseases that affect adolescents, to stimulate the creation of health services for adolescents, to increase communication among health professionals who care for adolescents, and to foster and improve the quality of training of those individuals providing health care to adolescents" (77) . Subsequently, other organizations with a primary adolescent health focus were created. The more prominent of these include the North American Society for Pediatric and Adolescent Gynecology, the Society for Research in Adolescence, and the International Society for Eating Disorders. SAM held its first business meeting in 1969, its initial scientific symposium in conjunction with the American Academy of Pediatrics in 1970, and its first independent SAM-sponsored research meeting in 1973. The latter two research forums were organized by Michael I. Cohen. In the spring of 1976, the American Pediatric Society and the Society for Pediatric Research sponsored the first adolescent research session at this annual pediatric academic conference. Heald and Cohen cochaired this initial session for the two sponsoring societies. Each year since, new scientific data have had numerous forums for debate and discussion.
The American Academy of Pediatrics formed the Committee on Adolescence in 1976 to help the executive leadership by better informing their discussions of teen issues. It had previously been known as the Committee on Juvenile Delinquency (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) and then the Committee on Youth (1965 Youth ( -1976 . The Committee on Adolescence has been at the forefront in formulating policies on adolescent health issues from confidentiality and substance abuse screening to the role of the pediatrician in routine adolescent health screening or dealing with the complexity of teenage reproductive issues. In 1979, the Academy formally organized a Section on Adolescent Health, which has been instrumental in providing continuing medical education in the field of adolescent medicine for the practicing pediatrician.
Evolving law on confidentiality, consent, and reproductive rights for adolescents. Coincident with the emerging attention to adolescent health needs was a rapid evolution of the laws and practices that governed the ability of adolescents to consent to their own care and, when necessary, to receive such care with confidentiality protected. Contributing to this evolution were decisions of the U.S. Supreme Court, decisions within state courts, advances in public health laws, and the increasing recognition by medical societies of the need to publicly support the rights of adolescents to access health care.
In a series of decisions, the U.S. Supreme Court provided the basis for emerging adolescent health care rights. In 1973, the Roe v. Wade decision established the right of women to termination of pregnancy, regardless of age. Although subsequent decisions of the Supreme Court upheld the constitutionality of state laws requiring either parental consent or parental notification for a minor to receive an abortion, even those decisions recognized the need to provide an alternative route for consent, or "judicial bypass," for those circumstances in which the teenager was unwilling or unable to seek parental consent. In 1972, the Supreme Court ruled that it was a violation of the constitutional right to privacy to preclude the prescription of contraceptives to unmarried adults, and 5 y later, the Court extended these Fourteenth Amendment rights to minors. In so doing, the Court stated "Rights do not mature magically at adulthood," implying an evolution of health care rights in accord with the adolescents' emerging ability to understand the consequences of consenting to or refusing care.
Within individual states, there were continuing decisions recognizing and defining the concepts of the emancipated minor and the mature minor. Since the earliest days of English law, adolescent parents were considered to be emancipated, free to consent to their own care and the care of their children. In addition, by the end of the 1960s, all 50 states had public health law provisions allowing adolescents to receive care for the evaluation or treatment of STIs without parental knowledge or consent (78) . This heralded the movement to establish free clinics in large urban centers to treat STIs as well as an initiative to develop hospital-based clinics for the same purpose. Within a decade, such provisions were extended to the treatment of alcohol and substance abuse.
In 1989 several national medical organizations, including the American Academy of Pediatrics, the American Academy of Family Physicians, and the American College of Obstetricians and Gynecologists, issued a joint statement advancing the right to "Confidentiality in Adolescent Health Care" (79) . That statement, although recognizing that in many circumstances the involvement of parents in adolescent medical decision making was to be encouraged as valuable, concluded that health professionals had an ethical obligation to provide the best possible care and counseling to their adolescent patients and that "Ultimately, the health risks to the adolescent are so 144 impelling that legal barriers and deference to parental involvement should not stand in the way of needed care" (79) .
School-based clinics. Another venue in which governmental policy influenced the growth of the field of adolescent medicine was in fostering the establishment of school-based health centers. For more than a century, schools have been a site for health-care initiatives including immunizations, vision and hearing screening, scoliosis screening, and sports preparticipation physicals. Over the last 15 y, however, schools have become more comprehensive community-based health centers providing a multitude of services to adolescents and families (80) . Edwards et al. (81) claimed school-based clinics were an effective vehicle in reducing pregnancy rates in adolescents. This work stimulated the interest of organizations such as the Robert Wood Johnson Foundation to fund the development and expansion of school-based clinics.
Not-for-profit foundations began funding school-based health centers in the late 1980s, thus joining the governmental initiatives. School-based health centers have been the site of interdisciplinary care for adolescents and have also become a site for specific health-care initiatives such as asthma education or addressing specific risk-taking behaviors. This has fostered a partnership with traditional school educators to address mental health and family education initiatives.
A body of literature takes form. Philanthropic and private foundation initiatives. The 1980s saw a dramatic increase of funding for research and training programs in adolescent medicine by the nongovernmental sector. Much of this was stimulated by advances in the science of adolescent developmental biology and psychology. In 1982, The Robert Wood Johnson Foundation funded programs linking academic medical centers with local health agencies (74) . Four years later, this same foundation began funding the establishment of school-based clinics. The success of this latter initiative led the way for many state governments to fund similar health programs in schools. Starting in 1986, the Carnegie Corporation of New York sponsored publication of three major treatises and numerous position papers on the status of adolescents in the United States, which grew out of deliberations of the 10-y term of Carnegie's Council on Adolescent Development led by David Hamburg and Ruby Takanishi.
In 1988, the American Medical Association (AMA) established a Department of Adolescent Health that emerged as a recommendation of a seminal report on adolescent health funded by this group. In the early 1990s this AMA department, under the leadership of Arthur Elster, moved the health promotion of adolescents to the forefront with the development of Guidelines for Adolescent Preventive Services (GAPS). By leading a team of health professionals in adolescent medicine, mental health, nutrition, infectious diseases, and public policy, the AMA, via its GAPS program, recognized that the effective health care of adolescents must address the morbidity associated with high-risk sexual activity, substance abuse, eating disorders and obesity, and school problems. Initiatives such as GAPS highlighted health promotion. The American Academy of Pediatrics, in conjunction with the Maternal and Child Health Bureau, developed a similar health promotion initiative called Bright Futures, which uniquely included aspects of the adolescent's role in the community. Both GAPS and Bright Futures included parenting and anticipatory guidance standards for parents of adolescents.
International initiatives. Adolescent medicine had its origins in England in the late 19th century, with a small group of physicians who cared for adolescent boys in boarding schools. This group ultimately formed the Medical Officers Schools Association in 1884. In the early and mid-20th century, with the economic downturn and two major global conflicts in Europe, interest in academic adolescent medicine waned on an international level.
Although currently there are adolescent medicine training programs internationally, there are no fellowship programs outside North America that provide certification and credentialing. Divisions of adolescent medicine and attendant fellowship programs exist in Canada. The founders of these Canadian units were trained in the United States in the 1960s and started programs in Montreal and Toronto in the late 1960s and early 1970s. Martin Wolfish was one such leader.
Physicians practice adolescent medicine throughout Europe and Israel, with a growing contingent in Latin America. International adolescent medicine societies such as the International Association of Adolescent Health, which evolved out of the 4th International Symposium on Adolescent Health held in Sydney, Australia, in 1987, draw hundreds of attendees to their meetings. International conferences in adolescent medicine are also held in Europe, Latin America, and Australia. These organizations and their conferences have fostered the growth of the field in these nations. Moreover, they have provided a venue for collegial communication, as well as presentation of scientific advancements in regions where the numbers of adolescent medicine specialists are small and dispersed geographically. In some countries, there are programs with a targeted disease orientation reflecting the interest of the responsible medical leadership. Unfortunately, there are few adolescent 145 HISTORY OF ADOLESCENT MEDICINE medicine specialists who practice in Asia and Africa, despite the critical need.
According to the records of SAM at the time of the preparation of this manuscript, there are 105 members residing outside North America (personal communication). This represents approximately 7% of the SAM membership. The American Academy of Pediatrics Section of Adolescent Health has three members from South and Central America (personal communication). The challenges of further developing the field of adolescent medicine at an international level are many. Numerous countries have restricted health budgets and so have few economic resources to fund adolescent-specific services. Currently, these nations do have maternal-child health aid programs, and the hope is that some of these programs will extend their services to engage the adolescent patient. Second, many nations have cultural and religious norms that do not recognize adolescence as a distinct group with unique healthcare needs. This is often a serious barrier to establishing special services for the adolescent, who is perceived, in such settings, as either an older child or a young adult. Finally, there are significant areas of the world where the established medical systems do not recognize adolescent medicine as a discipline distinct from pediatrics, internal medicine, obstetrics and gynecology, or family practice.
Adolescent medicine-a boarded subspecialty in pediatrics. As various academic and governmental units were coalescing to form the infrastructure needed to support a new field of pediatric endeavor, a seminal event occurred in 1976 to solidify the subspecialty. All the pediatric societies formed the Task Force on Pediatric Education chaired by C. Henry Kempe. The report of the Task Force, published in 1978, gave prominence and legitimacy to the subspecialty and, ultimately, led to sub-board certification, accreditation of training, and the emergence of formal curricula for the preparation of future clinicians and investigators (82, 83) . The American Board of Pediatrics administered the first examination for sub-board certification in adolescent medicine in November 1994 after several years of intense debate among many in the field. Thus, the academic field of adolescent medicine joined the ranks of other subspecialties in pediatrics, having emerged as a unique product of an extraordinary century filled with scientific advances and sociopolitical changes.
CONCLUSIONS
The field of adolescent medicine was borne out of scientific advances from a wide variety of disciplines, changes in societal mores, and the explosion of technology that occurred during the 20th century. The past 100 y of clinical practice and research have provided a wealth of information that has improved our understanding of the biologic and physical development of adolescents as well as the epidemiology of high-risk adolescent behaviors. The challenge for all providers of health care to adolescents, as we enter the new millennium, is to continue to examine the effect of these high-risk behaviors and to develop mechanisms to address and limit the impact of these behaviors, just as the scientists and practitioners of the 20th century made great strides in treatment and cure of medical illnesses. With a broad base of scientific knowledge, formalization of an academic field, and strong government and organizational support, many of us in adolescent medicine are energized by these factors and can only envision continued growth and maturation of this field.
